ABSTRACT
whole cell recordings in a mouse slice preparation, we studied two GABAergic inputs to 
53
Related to this, we have recently reported that in primary visual and auditory cortex 54 activation of mGluRs by agonist application reduces the gain of GABAergic inputs (Liu et al. 55 2014). Furthermore, we showed that this effect was due to the presynaptic activation of Group II 56 mGluRs. In the present study, we wanted to examine the possible generality of this phenomenon 57 by studying the effects of mGluR activation on GABAergic inputs in thalamus. We thus looked 58 at the GABAergic inputs in mice from the thalamic reticular nucleus (TRN) to relay cells of the 59 ventral posteromedial nucleus (VPM), and the GABAergic input of local interneurons onto relay 60 cells of the lateral geniculate nucleus (LGN). Similar to our observations in cortex, we found that 61 the gain of GABAergic input in these pathways was reduced, and that this was due to the 62 activation of both group I and group II mGluRs located presynaptically.
64
We adopted our previously described methods (Theyel et al. 2010 Figure 
156
After the washout, the amplitudes of all 4 IPSCs were partially recovered (the first IPSC back to 157 52% of control, the second, to 58%, the third, to 54%, and the fourth, to 50%; see also Table 1 ).
158
Of the 13 cells studied, 6 went through all three test conditions (control, ACPD application and 159 washout), while the other 7 cells only went through the first two (control and ACPD application).
160
Among the 6 cells with washout data, 5 showed a depressing pattern of IPSCs (i. below support this conclusion.
170
We measured the effects of ACPD on the rise time of the evoked IPSCs, which was defined 171 as the time elapsed between 20% and 80% of the evoked IPSC peak value. Figure 1Ci shows that 172 application of ACPD had no significant effect on this parameter for the evoked IPSCs (p>0.6 for 173 all comparisons on Mann-Whitney U-tests). In order to check whether the reduction of evoked
174
IPSCs might be associated with postsynaptic GABA receptor desensitization, we also measured 175 the effects of ACPD on the decay time (between 80% and 20% of the peak value of the evoked 176
IPSCs after baseline adjustment). As shown in Figure 1Cii , the application of ACPD had no 177 significant effect on the decay time of the 4 IPSCs (p>0.2 for all comparisons on Mann-Whitney U-tests). second, back to 68%, the third, back to 83%, and the fourth, back to 112%; see also Table 1 ).
190
Furthermore, application of ACPD had no significant effect on IPSC rise or decay time ( Figure   191 2Bi-Bii; p>0.05 for all 4 IPSCs on Mann-Whitney U-tests) in these experiments. These 192 observations further support a presynaptic site for the effects of ACPD on the evoked IPSCs.
193
Although we believe our use of GDPS in these experiments strongly supports the recorded with and without GDPS in the electrode (i.e., by comparing the data in Figure 1B with 199 those in Figure 2A ). This comparison revealed no significant differences between the normalized photostimulation produced outward currents (see Figure 2Ci -2Cii). ACPD application had no 209 appreciable effects on outward currents evoked by this direct GABAergic activation (Fig 2Ci-210 2Cii). This indicates no appreciable effect on activation of postsynaptic GABA receptors by co-211 activating postsynaptic mGluRs.
212
Using the same experimental arrangement as in Figure 1A , we applied specific mGluR decreased by 58% of control (p<0.001; Bonferroni-adjusted Wilcoxon signed rank test; see Table   217 1); the second, by 45% (p<0.001); the third, by 43% (p<0.05); and the fourth, by 41% (p<0.001).
218
After washing out, the amplitudes of 4 IPSCs were largely recovered (the first IPSC back to 82% 219 of the baseline, the second, back to 70%, the third, back to 97%, and the fourth, back to 72% 220 ( Figure 3A ; Table 1 ). Application of the group II mGluR agonist, APDC, also resulted in a 221 significant decrease in the amplitudes of all 4 evoked IPSCs ( Figure 3B ): the first IPSC was 222 decreased by 90% of control (p<0.001; Bonferroni-adjusted Wilcoxon signed rank test; see Table   223 1); the second, by 83% (p<0.001); the third, by 81% (p<0.001); and the fourth, by 76%
224
(p<0.001;). Washing-out partly reversed these effects (the first IPSC back to 39% of the baseline, 225 the second, back to 68%, the third, back to 65%, and the fourth, back to 68%; see Table 1 ). We 226 thus conclude that the effects documented in Figure 1A -B and Figure 2A these other findings to LGN interneurons, we sought to isolate effects on their axonal outputs.
244
The experimental arrangement is schematically illustrated in Figure 4A . We recorded from 8
245
LGN relay cells, held at 20mV (which is 5mV above the EPSP reversal potential (Blitz and Figure 2Bii and Figure 2Biii ), and this is 256 statistically significant (p=2 -7 or p<0.01; binomial test).
257
To isolate possible postsynaptic contributions of mGluRs in reducing IPSC amplitudes in to determine the extent to which these results can be generalized, but it is interesting that we 285 recently reported very much the same pattern for GABAergic cortical inputs (Liu et al. 2014 ).
286
That is, we found in a number of examples that activation of mGluRs on intracortical
287
GABAergic inputs reduces postsynaptic IPSC amplitudes.
288
Our finding that the magnitude of TRN inhibition in VPM is reduced by the presynaptic 289 activation of group I and II mGluRs, is partially consistent with previous reports. More we did, and except for a possible species difference, we cannot account for this discrepancy.
294
One limitation of the present account is that it is not clear what sort of specificity exists in 295 these GABAergic circuits as regards the presence of presynaptic mGluRs. That is, if these are 296 found only on a specific subset of terminals or associated with a specific subset of GABAergic
297
TRN cells or interneurons, this would raise the possibility of a means to control GABAergic 298 circuits specified by their postsynaptic targets. Again, more data will be required to test this 299 possibility.
300
Another question needs to be answered in the future studies will be the mGluR activation 301 affects the GABAergic responses of the relay cell in thalamus under physiological conditions.
302
One possible source of the presynaptic glutamate received by the interneurons might be the . In this regard, identifying the source of glutamate that leads to these presynaptic effects
305
remains an important unanswered question. Two obvious candidates are the driver inputs (medial 306 lemniscus for VPM and retina for LGN) and modulatory inputs from layer 6 of cortex.
307
It might be concluded from these data that greater activity in glutamatergic inputs would 308 reduce inhibition, leading to a positive feedback explosion of activity, but a different conclusion 309 suggests itself. As in the case with cortical circuitry, there is evidence that main glutamatergic LGN, we know that increased firing of retinal or corticogeniculate afferents leads to a reduction Figure 3 . Effects of the specific mGluR agonists on the inhibitory inputs from TRN to VPM. A:
357
Effects of the group I mGluR agonist, DHPG, on IPSCs evoked by 4 pulses delivered at 25Hz. 
